Activity of epiphyseal cartilage membrane alkaline phosphatase and the effects of its inhibitors at physiological pH.
The kinetics of epiphyseal cartilage membrane-bound alkaline phosphatase activity was studied at physiological pH using p-nitrophenylphosphate and pyrophosphate (PPi) as substrates. The effect of three general types of alkaline phosphatase inhibitors was studied on both purified and membrane-bound forms of the enzyme: 1) uncompetitive inhibitors (L-tetramisole and theophylline), 2) competitive inhibitors (phosphate, arsenate, and vanadate), and 3) metal ions (Mg2+, Ca2+, and Zn2+). These studies were aimed at elucidating the physiological role of epiphyseal cartilage membrane alkaline phosphatase. Hydrolytic activity of enzyme at pH 7.5 toward both PPi and p-nitrophenylphosphate was only one-tenth and one-hundredth, respectively, of that observed at optimal pH. Arsenate (Ki - 1.0-2.7 microM) and vanadate (Ki = 0.7-1.3 microM) were powerful inhibitors of alkaline phosphatase; phosphate (Ki = 20-50 microM) was inhibitory at levels two orders of magnitude below the concentration in cartilage extracellular fluid. Neither Zn2+, Ca2+, or Mg2+ was inhibitory toward p-nitrophenylphosphate hydrolysis, whereas all three competitively inhibited PPi hydrolysis. The data suggest that formation of poorly hydrolyzable Ca.PPi, Mg2.PPi, and Zn2.PPi complexes was responsible. Inhibition of PPi hydrolysis by Ca2+ occurred at levels within the physiological range. The close similarity in inhibition of both the purified and membrane-bound forms of alkaline phosphatase at pH 7.5 indicates that interaction with the membrane does not significantly alter conformation at the active site. The data obtained suggest that under physiological conditions, cartilage membrane alkaline phosphatase would be essentially inactive as a phosphohydrolase due to its intrinsically weak activity at pH 7.5 and the strong inhibitory effect of physiological levels of phosphate and Ca2+.